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ELECTRICAL EXCITATION OF LABEL 
SUBSTANCES AT INSULATING 
FILM-COATED CONDUCTORS 

This application is a continuation of application Ser. No. 
09/341,955, ?led Jul. 21, 1999 and now US. Pat. No. 
6,251,690, Which is the National Stage of PCT/FI98/00114, 
?led Feb. 10, 1998 and published in the English language on 
Aug. 20, 1998. 

FIELD OF INVENTION 

The present invention relates to electrical excitation of 
label substances at electrodes covered With insulating layer/ 
layers and utilisation of the resulting luminescence 
(electogenerated luminescence, EL) in analytical methods, 
especially in bioaf?nity assays. 

BACKGROUND OF INVENTION 

Many commercially important analytical methods are 
bused on the principle that the analytes can be recognised 
and quanti?ed from a matrix using label substances. For 
instance, in the assays based on the biological properties of 
analytes, such as in immunoassays, the analyte (A) can be 
selectively captured from a solution upon a solid support 
With the aid of antibodies immobilised on the surface of the 
solid support, and the amount of (A) can be quanti?ed using 
another antibody selectively binding With (A) and being 
labelled With a suitable marker substance. Such a marker 
substance can be, for instance, radioactive isotope, enZyme, 
molecule that absorbs light or produces ?uorescence or 
phosphorescence, certain metal chelates etc., Which can be 
coupled With chemical bonds With an antibody. 
Alternatively, puri?ed (A) can be labelled (A—L) and the 
amount of unlabelled (A) can be determined by antibodies 
immobilised on a solid support With by exploiting competi 
tive reactions betWeen (A—L) and analyte DNA- and 
RNA-probing assays are based on the analogous bioaffinity 
principles as immunoassays and can be performed along 
With related procedures. Also, other chemical and biochemi 
cal analysis methods can be based on analogous principles. 
Presently, there is an increasing need for multiparameter 
assays due to a groWing demand to decease the costs and/or 
increase the simplicity and accuracy of determinations. One 
solution to these problems is the use of label compounds 
luminescing at different Wavelengths. Various methods and 
strategies in immunoassays are described, e.g., in “The 
Immunoassay Handbook”. Edited by David Wild. Stockton 
Press Ltd., NeW York, 1994, pages 1—618. 

It is already knoWn that organic luminophores and metal 
chelates suitable for labelling in analytical methods can be 
excited With light or by electrochemical means resulting in 
the speci?c emission from the labelling substance. The 
methods based on these phenomena are generally sensitive 
and Well-suited for the excitation of label substances. 
HoWever, dif?culties are encountered When the concentra 
tions of labels in real assays are very loW; e.g., the use of 
?uorescence is complicated by the existence of Tyndall, 
Raleigh, and Raman scattering, and by the background 
?uorescence common in biological samples. Phosphores 
cence in liquid phase is mainly usable only in connection 
With some specially synthesised lanthanide chelates. Utili 
sation of the long-lived photoluminescence of these com 
pounds is restricted mainly due to complicated apparatus 
required and high cost of pulsed light sources. 

Electrochemiluminescence can be generated in non 
aqueous solvents at inert metal electrodes With a rather 
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2 
simple apparatus. HoWever, bioaf?nity assays Which are of 
commercial importance are normally applicable in aqueous 
solutions only. Samples are practically alWays aqueous and 
therefore the demon method of a label substance must be 
applicable in aqueous solution. Presently, only certain tran 
sition metal chelates can serve as electrochemiluminescent 

labels in micellar solutions, Which in principle, are not fully 
aqueous solutions. HoWever, these methods utilising con 
ventional electrochemistry and inert metal electrodes do not 
alloW simultaneous excitation of several label substances 
possessing suf?ciently differing emission spectra and/or 
luminescence lifetime. 

Mainly inert active metal (e.g. Pt and Au) or carbon 
electrodes are applied in conventional electrochemistry. 
Their utilisation is restricted to a narroW potential WindoW 
due to the Water decomposition reactions, hydrogen and 
oxygen evolution. Luminophores usable as ?uoresent or 
phosphorescent labels cannot normally be electrically 
excited in aqueous solution at these electrodes due to the 
inaccessibility of the highly anodic and cathodic potentials 
required for the excitation reactions. With suitably selected 
semiconductor electrodes a Wider potential WindoW is 
achievable, but only very rare labelling substances can be 
excited at this type of electrodes in ?lly aqueous solutions. 
The present invention provides considerable improve 

ment for use of active metal electrodes or semiconductor 
electrodes and makes it possible to simultaneously excite a 
variety of different labelling substances in fully aqueous 
solution. The invention utilises a neW type of electrodes, 
conductors covered With an insulating ?lm, Which are use 
less in the ?eld of conventional electrochemistry. BeloW 
these electrodes are called either insulator electrodes or 
insulating ?lm-coated electrodes. 

SUMMARY OF THE INVENTION 

This invention relates to the excitation of label molecules 
useable in chemical and biochemical analysis by electrical 
pulses at electrodes covered With a thin insulating ?lm, and 
the use of such electrodes in chemical, clinical and bio 
chemical analysis. The electrodes consist of a conducting 
base material that has been coated With an organic or 
inorganic insulating ?lm or multiple layers of such ?lms, so 
that either one or several label compounds can be excited to 
an excited state Which is deexcited by emission of 
ultraviolet, visible or infrared light, in aqueous solution, 
thereby providing the basis for reproducible analytical appli 
cations in bioaf?nity assays such as immunoassay and 
DNA-probing assays. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a measurement apparatus Which incor 
porates the insulating ?lm-coated electrodes used in the 
method of the present invention. 

FIG. 2 depicts the measurement principle of an immu 
noassay of the present invention. 

FIG. 3 shoWs various shapes of the insulating ?lm-coated 
electrode of the present invention. 

FIG. 4 illustrates standard curves of an immunometric 
assay of phospholipase A2, in Which the Working electrodes 
are covered With (a) a natural oxide layer, (b) an anodiZed 
oxide layer, and (c) an anodiZed oxide layer covered With 
polystyrene. 

FIG. 5 depicts standard curves of an immunometric assay 
of TSH in Which the Working electrodes are aluminum 
electrodes covered With (a) natural oxide layer, (b) a layer 
modi?ed by anodiZation and by coating With an epoxy 
plastic layer. 
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FIG. 6 shows a standard curve of a competitive assay of 
thyroxine (T4) in Which the insulating ?lm-coated electrodes 
Were anodized aluminum electrodes. 

FIG. 7 illustrates the detection of Philadelphia chromo 
some by a DNA hybridization method in Which the insulat 
ing ?lm-coated electrodes Were aluminum electrodes coated 
With polystyrene. 

FIG. 8 depicts standard curves of an immunometric assay 
of TSH in Which the electrodes Were of oxide-coated alu 
minum (a), and (b) the surface of the oxide Was modi?ed by 
silaniZation. 

FIG. 9 shoWs a standard curve of an immunometric assay 
of CRP in Which the insulating ?lm-coated electrodes Were 
oxide-covered magnesium electrodes coated With polysty 
rene. 

FIG. 10 illustrates a standard curve of an immunometric 
assay of [32-microglobulin Whereby the insulating ?lm 
coated electrodes Were anodiZed silicon electrodes. 

FIG. 11 depicts standard curves of an immunometric 
assay of TSH in Which the Working electrodes Were (a) 
silicon electrodes covered With a natural oxide ?lm, (by 
anodised silicon electrodes, and (c) anodiZed silicon elec 
trodes covered With polystyrene. 

FIG. 12 shoWs the detection of Philadelphia chromosome 
by a DNA hybridiZation method in Which the insulating 
?lm-coated electrodes Were anodiZed silicon electrodes cov 
ered With polystyrene. 

FIG. 13 illustrates a standard curve of a competitive assay 
of thyroxine (T4) in Which the insulating ?lm-coated elec 
trodes Were anodiZed silicon electrodes. 

FIG. 14 depicts standard curves of an immunometric 
assay of TSH Whereby the insulating ?lm-coated electrodes 
Were Zinc electrodes either (a) ?rst treated cathodically, or 
(b) directly coated With sequential layers of polystyrene and 
paraf?n. 

FIG. 15 shoWs a standard curve of an imrnunometric 
assay of [32-microglobulin When the insulating ?lm-coated 
electrodes Were ITO-glass plates coated sequentially With 
polystyrene and paraf?n. 

FIG. 16 illustrates a standard curve of an immunometric 
assay of [32-microglobulin Whereby the insulating ?lm 
coated electrodes Were Au-PET ?lms coated sequentially 
With polystyrene and paraf?n. 

FIG. 17 depicts a standard curve of an immunometric 
assay of CRP Whereby the insulating ?lm-coated electrodes 
Were polyaniline ?lms coated sequentially With polystyrene 
and paraf?n. 

FIG. 18 shoWs a standard curve of an immunometric 
assay of CRP Whereby the insulating ?lm-coated electrodes 
Were of steel coated With aluminium oxide and polystyrene. 

FIG. 19 illustrates a recorded EL spectra shoWing simul 
taneous excitability of a short-lived and long-lived 
EL-emitting labels. 

FIG. 20 depicts standard curves of simultaneous immu 
nometric assays of TSH and PLA2 Whereby the insulating 
?lm-coated electrodes Were anodiZed aluminum electrodes 
coated With polystyrene. 

FIG. 21 shoWs a standard curve of an immunometric 

assay of phospholipase A2 using latex beads Whereby the 
insulating ?lm-coated electrodes Were anodiZed aluminum 
electrodes coated With polystyrene. 

FIG. 22 illustrates standard curves of immunometric 
assays of phospholipase A2 Whereby enZymatic ampli?ca 
tion Was applied measuring directly 5-?uorosalicylic acid 
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4 
label (a), and by producing ternary Tb(III) complex prior to 
EL measurements, applying total EL(b) or time-resolved EL 
detection (c) With polystyrene-coated magnesium elec 
trodes. 

FIG. 23 depicts a standard curve of an immunometric 
assay of [32-microglobulin Whereby the insulating ?lm 
coated electrodes Were made of anodiZed silicon. 

FIG. 24 shoWs a standard curve of an immunometric 
assay of [32-microglobulin Whereby the insulating ?lm 
coated electrodes Were made of anodiZed silicon and the 
label Was composed of liposomes containing luminophores. 

FIG. 25 illustrates a standard curve of an immunometric 
assay of [32-microglobulin Whereby the insulating ?lm 
coated electrodes Were made of anodiZed silicon and the 
label Was a luminophore that can be photodetached by 
UV-light. 

FIG. 26 depicts the standard curve of an immunometric 
assay of [32-microglobulin based on energy transfer Whereby 
the insulating ?lm-coated electrodes Were made of anodiZed 
silicon. 

FIG. 27 shoWs a standard curve of an immunometric 
assay of [32-microglobulin Whereby the insulating ?lm 
coated electrodes Were made of anodiZed silicon and the 
label Was composed of polystyrene particles containing 
terbium chelates. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The aim of the invention is a method and apparatus, With 
Which one or several different types of label substances can 
be simultaneously electrically excited, so that the resulting 
luminescence can be utilised in bioaf?nity assays such as 
immunoassays and DNA or RNA probing assays. 

It has been experimentally observed that extremely harsh 
redox conditions can be produced at aluminium electrodes, 
and that these conditions closely resemble those of radioly 
sis of Water (S. Kulmala, “Electrogenerated lanthnide(III) 
luminescence at oxide-covered aluminium electrodes and 
closely related studies”, Academic dissertation, Turun 
yliopisto, 1995). Electrically induced luminescence at alu 
minium electrodes has already been studied for several years 
using irreproducible results-yielding electrodes With natural 
oxide ?lm coverage as described eg in references: J. 
Kankare, K. Falden, S. Kulmala and K. Huaapakka, Anal. 
ChimActa, 256 (1992) 17. and J. Kankare, K. Haapakaa, S. 
Kulmala, V. Nanto, Eskola and H. Takalo,Anal. Chim. Acta, 
266 (1992) 205. The nature of the metal itself Was assumed 
to be the most important component of the system and the 
importance of the naturally existing 1—2 nm thick oxide ?lm 
Was not understood. For instance, in the life, tantalum 
Electrodes Were claimed to be fully equivalent With album 
electrodes and usable in the same applications as aluminium 
electrodes (UK Patent GB 2 217 007 B). HoWever, tantalum 
oxide is an n-type semiconductor With a band gap ca. 4 eV 
(S. Morrison, “Electrochemistry at Semiconductor and Oxi 
dised Metal Electrodes”, Plenum Press, NeW York, 1980, 
s.183) and, therefore, oxide covered tantalum electrodes 
cannot be used according to the principles of the present 
invention. In the present invention, insulator electrode is 
de?ned as an electrode on Which at least one of the coating 
layers consists of material that has band gap larger than or 
equal to 5 eV. 
The present invention is based on a thin, normally close 

to 4 nm thick, good-quality insulating ?lm, upon the surface 
of Which or in the vicinity of Which the bioaffinity reactions 
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are performed, or to the vicinity of Which the products of the 
bioaf?nity reaction are brought With a suitable medium such 
as electrolyte solution, or upon suitable supporting material 
such as surface of magnetic latex particles. The applicability 
of the present invention is partially based on the fact that the 
existence of an insulating ?lm enables the Fermi-level of the 
base conductor to reach highly cathodic pulse potentials, and 
subsequently alloWs a transfer of energetic (hot) electrons 
into the electrolyte solution, either by tunnelling through the 
insulating ?lm or as a consequence of an electron avalanche, 
If the Fermi level of the electron-emitting base conductor is 
above the conduction band edge of Water (—1.3 eV on 
vacuum scale), the hot electrons can be injected into the 
conduction band of Water and thus produce hydrated elec 
trons as cathodic mediators for reduction reactions as has 
been described in the cases of radiolysis of Water or photo 
ionisation of solutes. 

The insulating ?lm on the electrodes also provides the 
basis for the Fermi level of the base conductor to reach 
highly anodic pulse potentials, Which makes a neW anodic 
process, a hole injection into the valence band of Water, 
possible. This process is analogous to the electron injection 
into the conduction band of Water, and results in the gen 
eration of hydroxyl radicals by dissociation of H2O+-ion 
formed (valence band hole in the Water) to proton and 
hydroxyl radical as knoWn from the pulse radiolysis of 
Water. Certain metal oxides, A1203, SiO2, and MgO, may 
produce hydroxyl radical also by other solid state mecha 
nisms as described in references: S. Kulmala, T. Ala-Kleme, 
A. Kulmala, D. Papkovsky and K. Loikas, “Cathodic Elec 
trogenerated Chemiluminescence of Luminol at Disposable 
Oxide-covered Aluminum Electrodes”, Anal. Chem., in 
press.; S. Kumala & T. Ala-Kleme, Anal. Chim. Acta, 355 
(1997) 1—5. 

Hydroxyl radical, having a strong tendency to addition 
and hydrogen abstraction reactions, can be transformed into 
other oxidising radicals Which are better suited reactants in 
producing redox luminescence. These secondary oxidising 
radicals can be produced by addition of anions from the 
halide, and pseudo-halide series into the measuring electro 
lyte solution (X_=halide or pseudo-halide-ion); 

If an insulating ?lm is incapable of producing hydroxyl 
radicals by the above-mentioned mechanisms or if one 
Wishes to increase the amount of oxidising species at the 
expense of reducing equivalents, hydroxyl radicals can be 
generated from hydrogen peroxide according to reaction: 

An analogous technique also alloWs the production of 
sulfate and phosphate radicals, Which are often better suited 
oxidants for the redox excitation pathWays than hydroxyl 
radicals (S. Kulmala T. Ala-Kleme, A. Kulmala, D. Papk 
ovsky and K. Loikas, “Cathodic Electogenerated Chemilu 
minescence of Luminol at Disposable Oxide-covered Alu 
minum Electrodes”, Anal. Chem, in press.): 

The protonation of phosphate radicals affect the oxidising 
poWer of the radical Whereas the oxidising poWer of sulfate 
radical is independent of the pH above pH 2. 
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6 
Hence, highly oxidising and reducing conditions can be 

created simultaneously in the vicinity of insulating ?lm 
coated electrodes, Which is usually a prerequisite for the 
existence of redox luminescence in aqueous solution. 

Although the solid state phenomena utilised in this inven 
tion are knoWn in the theories of physics, the present type of 
insulator electrodes has not been utilised in analytical 
chemistry, except in the case of album electrodes covered 
With naturally existing poor-quality and too thin oxide ?lm 
(UK Patent GB 2 217 007 B) that have not led to any 
practical applications of such aluminium electrodes. On the 
contrary, the present invention forms a major improvement 
of the said electrodes by realising the correct role of the 
insulating ?lms and their deliberate preparation. 

According to the present invention, electrodes have a 
conductive base layer that can be composed of e.g., carbon 
(graphite, glassy carbon) or metal such as Be, Mg, Al, Ga, 
In, Au Pt, Cu, Fe, Ru, stainless steel, Zn, Hg, Ag, Ni, Pd, Hf, 
Zr, (also Ta is suitable as the base conductor although Ta2O5 
is not usable as an insulating ?lm). HoWever, it is possible 
that the electrode Works better the smaller the Work function 
of the base conductor is. 
The conductor can be also a heavily doped semiconductor 

or metal oxide such as Si, Ge, Sr, ZnO, SnO2 etc. The base 
conductor can be also composed of conductive polymer such 
as polyaniline, polypyrrole, polyacetylene, polytiophene or 
of corresponding polymers made from substituted mono 
mers. The resistivity of the base conductor should be <10 
Qcm. 

Insulating layer(s) of the electrode can be made of some 
metal oxides, such as, SiO2, MgO, CaO, SrO, BaO, A1203, 
HfO2; of some other inorganic insulators, such as diamond, 
silicates or nitrides, some organic insulating materials such 
as paraf?nes, other solid or liquid hydrocarbons, organic 
insulating polymers such as, Te?on, polyethene, 
polypropene, polystyrene, polyacrylamides, epoxy-plastics 
etc. Normally metal oxides can be used as insulating ?lm 
material only in the case of utilisation of pulsed excitation, 
because DC-cathodisation normally ruins the insulating 
properties of the oxide ?lms Within feW milliseconds. 

Coating ?lm of the electrodes can be manufactured by 
anodic oxidation, by Atomic Layer Epitaxy (ALE), by 
spraying polymeric or polymerisable material on the surface 
of the electrode, by dipping the electrodes in the above 
mentioned solution and letting the solvent evaporate, by 
Langmuir-Blodgett methods or by other methods knoWn 
from other coating processes. Especially in the case of 
silicon, there are several alternative methods to manufacture 
good-quality SiO2 ?lms knoWn in the electronics industry. 

Although, in principle, naturally existing oxide ?lm 
covered aluminum electrodes can be used to excite some 
label substances, the commercial utilisation of these elec 
trodes is impossible due to the poor quality of the natural 
oxide ?lm Which results in the too high irreproducibility of 
the analysis results (S. Kulmala, “Electrogenerated 
lanthanide(III) luminescence at oxide-covered aluminium 
electrodes and closely related studies”, Academic 
dissertation, Turun yliopisto, 1995, pp. 25—31 and 114—119.) 
HoWever, the reproducibility of the analysis can be 
improved to the level required, by fabrication of good 
quality insulating ?lm With suitable thickness. It is charac 
teristic for the present invention that the coating ?lm/?lms 
are carefully layered upon the base conductor taking care 
that the total thickness of coating is opt . In the case of 
aluminium, this kind of insulating ?lm cannot be produced 
by letting aluminium to be oxidised in air, but can be 
manufactured by other methods. A preferred method is 
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anodic oxidation of aluminium in suitable electrolyte solu 
tion and successive coating With organic material(s) to 
prevent the aqueous solution spoiling the insulating proper 
ties of the oxide ?lm during the bioaf?nity assays that is 
alWays inevitable to some degree in the absence of other 
shielding coating layers. Aluminium oxide ?lm can also be 
made by coating some other material With aluminium, such 
as plastic, graphite, glassy carbon, metal, and subsequently 
oxidising aluminium and adding a ?nal shielding layer. 
When an aluminium oxide ?lm is immersed in an aqueous 

solution, depending on the solution conditions, various 
uncontrollable processes start to proceed in the oxide ?lm 
commencing from the outer part of the layer. Consequently, 
the properties of the naturally existing very thin (1—2 nm 
thick) spontaneously formed oxide ?lm change as a function 
of time and induce strong decrease in the EL generation 
ef?ciency, As pointed out in Example 1, in aqueous solution 
the EL generation ef?ciency decreases 90% dung coating 
With a protein ?lm necessary as the ?rst step of any 
immunoassay. This draWback can be prevented, When the 
oxide ?lm has been fabricated to optimal thickness and 
preferably covered With an additional shielding thin ?lm, 
such as an organic insulating polymer ?lm. Some organic 
polymers are also especially bene?cial because they 
improve the coatability of the electrodes With antibodies and 
other biomaterials. 

In bioanalytical methods, DNA- and RNA-probing tech 
niques are practically as important techniques as immunoas 
says. Aluminium electrodes covered With thin naturally 
existing oxide ?lm arc unexpectedly not at all applicable in 
nucleic acid hybridisation assays. HoWever, it Was experi 
mentally found out that even aluminium. eletrodes become 
useful also in these methods, if the oxide ?lm is coated With 
a thin organic ?lm such as polystyrene layer. 

Suitable polymeric ?lms can be readily created by dipping 
the electrode in polystyrene solution Which has been made 
by dissolving polystyrene in an organic solvent such as 
benZene or toluene. In an analogous Way, also many other 
polymers that can be dissolved as dilute solutions of solvents 
can be utilised in fabrication of thin polymer ?lms. Among 
usable polymers there can be mentioned: polyamides, 
polyamines, polybutadienes, polycarbonates, polyenes, 
polyesters, polyethylenes, polyethyleneimides, polyformal 
dehyde etc. as has been described in the textbooks of 
polymer chemistry. Polymeric ?lms can also be made from 
mixtures of polymers or they can be doped With inorganic 
materials. Polymeric ?lm can be made exceptionally smooth 
by using commercially available apparatuses for groWing of 
these ?lms. The electrode surface need not to be totally 
coated With an insulating ?lm designed for active use in 
excitation of labels, but insulating ?lms can be in the form 
of very small spots or islands, surrounded by a thicker 
insulating ?lm not alloWing current transport With any 
mechanism. The electrodes are not necessarily alWays plate 
like, but can also have a shape of a net, spike(s), tube(s), a 
plate With hole(s), etc. 

Analogous polymeric ?lms can be created also by alloW 
ing polymerisation to occur at the surface of a conductor or 
at the surface of insulating ?lm-covered conductor. In this 
case, the reactants of polymerisation reaction ate dissolved 
separately in a suitable inert solvent such as toluene, 
benZene, dichlormethane, etc. One of the components can be 
deposited With a special deposition device, or the electrode 
is automatically dipped in a solution of the component and 
solvent is alloWed to evaporate. Another component can be 
deposited in an analogous Way and polymerisation is 
alloWed to occur. Alternatively, the reactants of polymeri 
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sation reaction are mixed in a solvent just before deposition. 
In all cases, the optimal thickness of the ?lms can be 
experimentally found by adjusting the concentration of 
coating materials in the solvents or by using coating appa 
ratus for adjustment of the ?lm thickness. In some cases it 
is preferable to coat electrodes by spraying. Polymer must be 
divided in the spray to droplets With diameter 1—1000 nm in 
an appropriate solvent, such as, toluene, benZene, 
cyclohexane, chlorinated hydrocarbons, DMF, DMSO, or 
alcohols. 
The main draWback of aluminium oxide ?lms is that they 

cannot tolerate either basic or acidic conditions. This draW 
back can be prevented by an extra shielding layer or replac 
ing aluminium oxide ?lms With other insulating ?lms. MgO 
?lms are suitable especially in basic conditions because 
these ?lms are not dissolved in basic aqueous solutions. 
MgO ?lms can be made eg by ALE-techniques and also 
these ?lms can be coated With other ?lms as pointed out 
above in the case of aluminium oxide ?lms. 

A1203, MgO and other alkaline earth metal oxide coatings 
are less studied than rather Well knoWn SiO2 ?lms. SiO2 is 
the most important insulating ?lm material in electronics 
industry based on silicon technologies. There are several 
methods available for fabrication of good-quality SiO2 ?lms 
in this ?eld of industry. Therefore, technically mature silicon 
technology is preferable in the fabrication of the electrode 
materials utilised in the embodiment of this invention. 

Inorganic insulating ?lms can be totally replaced With 
suitable organic insulating ?lms, if the production of oxid 
ising species, generally necessary for excitation most of the 
label substances, is provided by addition of suitable core 
actants such as peroxydisulfate, peroxydiphosphate, or 
hydrogen peroxide Which produce strongly oxidising radi 
cals via one-electron reduction. Often, the combination of 
inorganic and organic ?lm is preferable. 
The present invention makes a dramatic improvement 

over the prior art specially, With increasing the reproduc 
ibility to a level required in practical analytical methods. 
Other advantages of the present invention are the excitation 
event itself and the accurate timing of excitation. In addition, 
a number of very differing label substances (emission spec 
tra and luminescence lifetimes of Which are different) can be 
simultaneously excited Which alloWs multiparametric assays 
Example 17). They also render a possibility to improve 
accuracy of determinations by internal standardisation. For 
instance, in homogeneous assays Where unreacted excess 
label is not separated from immunocomplexes, dual label 
ling enables to quantitate simultaneously tWo different anti 
bodies or their concentration ratio (Example 23). This alloWs 
ef?cient exclusion of matrix effects arising from deviating 
sample compositions often preventing the exploitation of 
homogeneous assays. Other major advantages of the present 
invention is the simplicity and loW cost of the measuring 
instrument. 

According to the present invention many types of lumi 
nophores can serve as the labels. For instance, the folloWing 
luminophores (or derivatives of them) can be utilised: 
9-fuorenylmethylchloroformate (emission 309 nm), luminol 
(emission 420 mn), ?uorescein (emission 516 nm), salicy 
lates (emission in the region 400—450 nm), aminonaphtha 
lene sulphonates (emission in the range of 400—500 nm) and 
coumarines (emission in the range of 450 nm—550 nm), 
aromatic lanthanide(III) chelates, such as certain derivatives 
of terbium(III) complexes With folloWing ligands: N1-(4 
aminobenZyl)diethylenetriamine-N1,N2,N3,N3-tetra-acetate 
(Tb(IIl)-1), 4-(phenyl-ethyl)(1-hydroxybenZene)-2,6-diyl) 
bis-methylenenitrilo)tetrakis(acetate) (Tb(III)-2); 4-benZoyl 
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(1-hydroxybenZene)—2,6-diyl)-bis(methylenenitrilo)tetrakis 
(acetate) (Tb(III)-3), N2-(4-aminobenZyl) 
diethylenetriamine-Nl,N1,N3,N3,-tetra-acetate (Tb(III)4); 
4-methyl(1-hydroxybenZene)-2,6-diyyli)bis 
(methylenentrilo)tetakis(acetate) (Tb(III)-5)(The strongest 
emission line at 545 nm in the cases of all Tb(III) chelates), 
derivatives of certain transition metal chelates such as 
ruthenium(II) and osmium(II)-trisbipyridyl and trispyratsyl 
complexes (emission in the range of 550—650 nm). 
A high electric ?eld across the insulating ?lms induces 

also to some extent solid state electroluminescence in the 
?lm. This solid state electroluminescence makes possible 
the excitation of luminophores also by energy transfer from 
the intrinsic emission centres, if the luminophores are 
located suf?ciently close to the insulating ?lm. This effect 
enhances the proximity effect required by homogeneous 
assays. 

The insulating ?lm-coated electrodes described in the 
present invention can be used in an EL cell Which contains 
at least tWo electrodes: an insulating ?lm-covered Working 
electrode and a counter electrode. 

The insulating ?lm-coated Working electrode should ful 
?ll the criteria described above, and depending on the optical 
properties and the thickness of the conducting material it can 
be either optically transparent or non-transparent. Usually 
the transmittance of the suf?ciently thin base conductor is 
high enough in the desired optical range. The use of a 
transparent Working electrode makes possible the measure 
ment of electrically excited luminescence through the Work 
ing electrode. 

The selection of the counter electrode of the method is not 
critical. Conventional inert electrode materials (Pt, Au) are 
Well suited. Often, even certain metals Which are anodically 
dissolved can be used, because the measurements usually 
are made in the time scale Where the anodic products from 
counter or auxiliary electrode do not have time to diffuse to 
the Working electrode. Also some metal oxide electrodes, 
such as indium tin oxide, are Well suited as an anode 
material. In this case the anode material can be readily made 
optically transparent. Stainless steel is also advantageous 
electrode material. If a non-transparent metal electrode 
serves as a counter electrode its shape can be chosen so that 
the luminescence is measurable behind the counter elec 
trode. For instance, a Wire electrode covering only a very 
small part of the surface of the Working electrode can be 
used or hole(s) drilled through the anode material alloW the 
light detection behind the anode. Optically transparent 
counter electrode can be prepared from ad equate ?lm, e.g., 
from plastic or glass coated With a thin Au-?lm Which can 
be further coated With a thin shielding ?lm alloWing electron 
and/or hole tunnelling through the outer ?lm. 

If the thickness of the insulating ?lm on the Working 
electrode is suitable, the excitation of the label in the 
detection stage can be done by cathodic voltage pulse train, 
but in the case of base material being anodically oxidisable 
material such as Si, Al, Be or Mg, it is sometimes bene?cial 
to groW the oxide ?lm thicker by oxidising anodic pulse 
before each cathodic excitation pulse. 

Depending on the sensitivity range needed for the analyte 
(s), either a loW-cost semiconductor detector or more expen 
sive and more sensitive photomultiplier tube are suitable 
light detectors for the electroluminometer. 

The method of the present invention may be used to detect 
a molecule having the form L”, -Xx-Yy, Where L is label or 
mixture of different kinds of labels, the label being a 
derivative of an organic luminophore, like a derivative of 
?uorescein, aminonaphthalenesulphonic acid, salicylates, 
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rhodamines, or coumarines; a derivative of lanthanide 
chelates, like a derivative of Tb(III), Eu(III), Y(III), Sm(III), 
Dy(III), Gd(III) chelates; a derivative of transition metal 
chelates, like ruthenium(II)-trisbipyridyl- or ruthenium(II) 
trispyraZyl chelates; Where one or more of the derivatives 
are bound through suitable functional groups either directly 
or through one or more of linking compounds X to the 
compound Y, Where Y is exempli?ed as protein, antibody, 
enZyme, or nucleic acid, Which have af?nity against the 
analyte to be quanti?ed, and Wherein the integral subscripts 
n, x, and y express the number of L, X, and Y, and are equal 
or larger than 1, and Where compound Y can bind to a cell, 
a cell component, a virus, bacterium, nucleic acid, DNA, 
RNA, DNA-fragment, RNA-fragment, polysaccharide, 
protein, polypeptide, enZyme, metabolite, hormone, phar 
macological substance, medical drug, alkaloid, steroid, 
vitamin, amino acid, carbohydrate, environmental pollutant, 
or antibody, and Where the joint compound X may contain, 
as the essential linking function, a chemical group such as 
ureido, thioureido, amide, substituted imide, thioether, 
—S—S—, sulfonamide, or N-substituted sulfonamide, that 
is a part of a larger molecule or polymer attaching to the 
compound Y. 
The method of the present invention includes a competi 

tive bioaf?nity method, Where a competition of binding to Y 
on the surface of an insulating ?lm-coated electrode is 
created betWeen labelled analyte Ln-Xx-Aa Where the inte 
gral subscripts n, x and a express the number of L, X and A, 
and analyte A originated from the sample enabling the 
analyte concentration to be determined With insulating ?lm 
coated electrodes. Binding of Ln-Xx-Yy to A on the surface 
of the insulating ?lm-coated electrode may inhibited by A 
originated from the sample. 
The label L may be an enZyme capable of ampli?cation of 

luminescent luminophores. For example, the enZyme may be 
alkaline phosphatase and the luminescent molecule may be 
a highly luminescent molecule or a lanthanide chelate gen 
erated by the enZyme. 
The method of the present invention includes assays in 

Which only the label molecules located in the proximity of 
the insulating ?lm-coated layer ?lm can be excited by the 
electrical pulses enabling the analysis to be carried out by 
the homogeneous assay principle, and the separation of free 
label Ln-Xx-Yy is not required before the detection step, (ii) 
the quantitation is performed With heterogeneous principle 
and the free label Ln-Xx-Yy is removed from the proximity 
of electrode by a Washing step before the detection step, and 
(iii) the basic immunoreaction is carried out in a separate 
incubation chamber With small-siZed solid support 
materials, such as paramagnetic latex particles, Whereby 
only the detection of the label is carried out on the electrode 
surface, after incubation and possible Washings, by bringing 
the solid support materials into the proximity of the elec 
trode. 
The novel electrodes described in the present invention 

can be used to electric excitation of also other kind of 
luminophores than presented in Description and Examples 
of the present invention because it is obvious that also many 
other kind of molecules can be excited at insulating ?lm 
coated electrodes With the present methods. The use of 
insulating ?lm-covered electrodes is not limited to certain 
equipment construction or just to analytical methods 
described hereby. In principle, also the reverse processes can 
be utilised as Well. In this case, label molecules are illumi 
nated With light and the resulting photocurrent induced by 
the photoinjection of carriers into probing electrode is 
measured or the potential of the probing electrode is mea 
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sured allowing the quantitation of labels and analytes. In 
these applications, the probing electrode should preferably 
not be covered With an insulating ?lm or favourably the 
thickness of the passive ?lm should be less than 4 nm. 

EXAMPLE 1 

Preparation of insulator electrodes by anodising alu 
minium and modifying the surface by coating With 
polystyrene, and the immunoassay of phospholpase A2 on 
the surface of these modi?ed electrodes. 

Anodic oxidation of Al-electrode. Al-electrode (Merck 
Art. 1057) moulded and cut to the ?nal shape Was ?rst 
Washed in ultrasound bath With hexane. Hexane Was then 
alloWed to evaporate. The electrodes Were ?rst oxidised 
galvanostatically With current density of 2 mA/cm2 in 0.5 
mol/L boric acid solution neutalised With ammonia until the 
anodising voltage of 2.92 V Was reached. After this the 
anodising Was continued potentiostatically until the current 
density Was less than 10 pA/cmz. 

Coating oxidised electrode With polystyrene. The ano 
dised parts of electrodes Were coated ?rst With polystyrene 
by sonicating the electrode for 10 s in the solution containing 
0.7 mg/mL of polystyrene in benZene. Next the electrode 
Was sloWly lifted from the solution and alloWed to dry at 
room temperature. The dry electrode Was then sloWly 
immersed into above-mentioned polystyrene solution fur 
ther tWice alloWing the solvent totally to evaporate at room 
temperature betWeen each immersion. 

Coating electrode With antibody. Typically electrodes 
Were coated With a monoclonal antibody by incubating the 
electrode overnight in TSA-buffer (0.05 mol/L Tris-HCl, pH 
7.75, 0.9% NaCl, 0.05% NaN3) containing the antibody (10 
pg/mL; anti-PLA2, clone 2E1, Labmaster Oy, Turku, 
Finland). Next day the electrode Was Washed six times With 
Wash solution (0.01 mol/L Tris-HCl, pH 7.75, 0.9% NaCl 
and 0.02% TWeen 20) and equilibrated overnight in satura 
tion solution (TSA-buffer containing per liter 1 g bovine 
serum albumin 60 g sorbitol and 1 mmol CaCl2). The 
equilibrated electrode can be dried at room temperature 
Without Washing and stored dry at least for 3 months. 

Preparation of labelled antibody. The polyclonal sheep 
antibody speci?c to human pancreatic phospholipase A2 
(af?nity puri?ed by Labmaster Oy, Turku, Finland) Was 
labelled With an isothiocyanate derivative of Tb(III)-1 che 
late [Tb3+-N‘-(p-isotiosyanatobenZyl)diethylene triame-Nl, 
N2, N3, tetra acetate], (Wallac Oy, Turku, Finland) by 
alloWing the antibody to react With the chelate in the molar 
ratio of 1:60 at pH 9.5. The pH Was adjusted With 1 mol/L 
Na2CO3 solution. The labelled antibody Was separated from 
unreacted chelate by gel ?ltration (Sepharose 6B 1><50 cm, 
Sephadex G-50 1><5 cm) using TSA-buffer as eluent. Typi 
cally 5—10 chelate molecules can be bound in this Way to one 
antibody molecule. To improve the stability, 0.1% bovine 
serum albumin Was added to labelled antibody. 

Preparation of standards. The standards of human PLA2 
(0, 1, 5, 9, 54, 324 ng/mL, Labmaster Oy, Turku, Finland) 
Were prepared in TSA-buffer containing 7% bovine serum 
albumin. 

Immunoassay. The immunoassay Was carried out in the 
Wells of microtiter strips. First, 25 ML of standard and 175 pL 
assay buffer (0.05 mol/L Tris-HCl, pH 7.75, 0.9% NaCl, 
0.5% NaN3, 0.5% bovine serum albumin, 0.05% bovine 
gammaglobulin and 0.01% TWeen 40) Were added. Next the 
electrode Was added and after incubation for 1 h the elec 
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trode Was Washed With g Wash solution and alloWed to react 
With labelled antibody (500 ng/200 pL) for 1 h. After the 
reaction, the electrode Was Washed and the EL Was measured 
in the measuring solution (0.2 mol/L borate buffer, pH 
adjusted to 7.75 With sulphuric acid) containing alternatively 
either 0.01 mol/L NaN3 or 1 mmol/L K2S2O8. FIG. 4 shoWs 
typical standard curves obtained in the assays, Where (a) 
electrodes Were air-oxidised, (b) electrodes Were anodised 
With 2.92 V, and (c) electrodes anodised With 2.92 V and 
coated With thin polystyrene layer as described above (in the 
meaning solution of 1 mol/L K2S2O8). The measurements 
Were performed using aluminium cup electrodes and the 
instrument described in an academic dissertation of S. 
Kulmala (University of Turku, Tuku, Finland, 1995, pp. 
34—35). In the measurement the excitation pulse Was 200 ms 
and —10 V With the frequency of 100 HZ. The intensity of EL 
Was integrated during 200 excitation pulses. 

EXAMPLE 2 

Modifying surface of an insulator electrode by coating 
With epoxy resin and immunoassay of TSH on the surface of 
these modi?ed electrodes. 

The electrodes Were cleaned and anodised as described in 
Example 1 and the electrodes Were covered With thin layer 
of epoxy resin. 

Coating electrodes With epoxy resin. Both components of 
the Super epoxy glue (Loctite Finland Oy, art. n:o 120-1, 
Finland) Were dissolved 1% (W/v) in toluene. The compo 
nents Were mixed 1:1 and the electrode Was immersed into 
this solution in ultrasound bath and then lifted sloWly out of 
this solution. The ?oWing solution from the loWer edge Was 
dried and the electrode Was alloWed to dry at room tem 
perature until toluene Was evaporated and then further in an 
oven at 40° C. for 24 h. Thicker coatings can be made by 
repeating the procedure. 

Coating electrode With antibody. Electrodes Were coated 
With antibody by physical adsorption by incubating the 
electrode in TSA-buffer containing the coating antibody 
(clone 8661, speci?c to the alpha chain of TSH, Pharmacia, 
Uppsala, SWeden) 30 pg/mL for 3.0 h. After the coating the 
surface Was Washed With running Wash solution and equili 
brated overnight in TSA-buffer, pH 7.75, containing 0.1% 
bovine serum albumin and 5% D-sorbitol. After the equili 
bration the electrodes Were dried and they Were stable in 
storage for at least one year. 

Preparation of labelled antibody. The labelled antibody 
for the assay of TSH Was prepared in the same Way as in 
Example 1. In this case the monoclonal antibody that is 
speci?c to the [3-chain of TSH (clone 5404, Medix Oy, 
Helsinki, Finland) Was labelled. 

Preparation of standards. TSH standards (0, 0.25, 1.5, 9, 
54, 324 pU/mL) Were prepared by diluting the stock stan 
dard (Scripps Laboratories Inc, San Diego, USA) in TSA 
buffer containing 7% bovine serum albumin. 

Immunoassay. TSH standard (20 pL) and 180 pl (300 ng) 
of labelled antibody Were added to the polystyrene Wells. 
After incubation for 1 h, the electrode Was Washed and the 
EL Was measured as in Example 1a—1b, but using the 
electroluminometer constructed by modifying an Arcus 
?uorometer (Wallac, Turku, Finland) The rake electrodes 
Were as in FIG. 3c. FIG. 5 displays steWard curves obtained 
With electrodes covered (a) With naturally exiting oxide ?lm, 
and (b) With electrodes covered With an anodic oxide ?lm 
and an epoxy ?lm. 
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EXAMPLE 3 

Competitive immunoassay of thyroxine (T4) whereby the 
insulator electrodes Were anodised aluminium electrodes 
covered With polystyrene. 

Labelling of thyroxine. Thyroxine Was bound to gelatine 
as folloWs. T4-N-hydroxysuccinimide ester (1 mg, Wallac 
Oy, Turku, Finland) Was dissolved in 194 mL of dioxane and 
0.1 mL of this solution Was added to 1 mL of 0.05 mol/L 

phosphate buffer, pH 7.3, containing 20 mg of gelatin Merck, Darmstadt, Germany). After the reaction overnight 

at +4° C. gelatin Was separated from small-molecular 
reagents by gel ?ltration using PD10-column (Pharmacia, 
Uppsala, SWeden) and phosphate buffer as eluent as above. 
The puri?ed conjugate Was labelled With isothiocyanate 
derivative of terbium chelate as in Example 1, but in this 
case the molar ratio of Tb-chelate to gelatin Was 200:1. By 
assumption that the molecular Weight of gelatin is 1 million 
it is possible to bind about 100 Tb-chelates to one gelatin 
molecule. 

Coating electrode With antibody. Electrodes Were coated 
With rabbit anti-mouse immunoglobulin (Dako, Glostrup, 
Denmark) by incubating the electrode overnight in 0.1 
mol/L phosphate buffer, pH 4.9, containing the antibody 5 
pg/mL. Next day the electrode Was Washed With Wash 
solution as in Example 1 and equilibrated overnight in 
TSA-buffer containing 0.1% bovine, serum albumin, 6% 
D-sorbitol and 1 mmol/L CaCl2 The coated electrode Was 
dried Without Washing. It could be stored at room tempera 
ture Without loss of activity for at least 3 months. 

Preparation of standards. The standard of T4 (0, 10, 50, 
100, 150 and 300 nmol/L) Were prepared in 0.01 mol/L 
HEPES-, 0.001 mol/L sodium phosphate buffer, pH 7.4, 
containing 0.1 mol/L NaCl and 0.1% NaN3 (HEPES-buffer), 
and 0.1% casein. 

Immunoassay. To the Wells of microtiter plates 20 pL of 
standard Were pipetted With 100 ML (0.5 ng) monoclonal 
mouse anti-T4 antibody (Medix Inc, USA) and 100 pL of 
gelatin-T4-Tb-conjugate (100 ng/mL). The electrode Was 
added to the Well and after incubation for 1 h the electrode 
Was Washed 5 times and the measurement Was done as in 
Example 2. The standard curve is shoWn in FIG. 6. 

EXAMPLE 4 

Detection of Philadelphia chromosome by DANA 
hybridisation method Whereby the insulator electrodes Were 
made of anodised aluminium and coated With polystyrene. 

Labelling the probe With Tb-chelate. The oligonucleotide 
containing amino groups (TTCGGGAAGTCGCCGGTCAT 
CGTAGA-(C-NH2)25-5‘, Wallac, Turku Finland) Was 
labelled With Tb-chelate as in Example 2 except that the 
labelled nuclectide Was puri?ed using NAP-5 and NAP-10 
columns (Pharmacia, Uppsala, SWeden). 

Labelling the probe With biotin. For the assay, also 
another probe (C-(NH2-C)-GTCGTAAGGCGACTG 
GTAGTTATTCCTT-5‘, Wallac, Turku, Finland) Was pre 
pared. The N-hydroxysuccimide derivative of biotin Was 
alloWed to react in 3.7 ML of N,N-dimethyl formamide 
overnight With the probe (5 nmol in 50 pL, in molar ratio of 
50:1) at pH 9.5, at +4° C. pH Was adjusted by adding 
NaZCO3 so much that the ?ne molarity Was 50 mmol/L. The 
probe Was puri?ed as the one labelled With Tb-chelate. 

Coating electrode With streptavidin. The electrode Was 
coated by incubating for 12—15 h in TSA-buffer containing 
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streptavidin 10 pg/mL. Next day the electrode Was Washed 
With Wash solution and equilibrated overnight in TSA-buffer 
containing 0.1% NaN3, 0.5% bovine serum albumin and 6% 
sorbitol overnight. The electrode Was dried and stored dry. 

Hybridisation. A sequence of 170 base pairs, from K562 
human cell line, ampli?ed With PCR from chromosome Ph1 
(TYKS, Turku, Finland) Was used as a positive sample and 
distilled Water Was a negative control. The positive sample 
and the negative control Were kept in 100° C. for 10 minutes 
and then cooled doWn on an ice bath after Which they Were 
centrifuged With a microcentrifuge for 1 minute at 12000 
rpm. Sample (50 pl) Was pipetted into a disposable cuvette 
folloWed by 200 pl of the assay buffer, Which contained 2 ng 
of biotinylated probe and 2 ng of the probe labelled With 
Tb(III) chelate. One liter of assay buffer (25 mM TRIS-HCl, 
pH 7.75) conned 33.72 g of NaCl, 0.25 g of NaN3, 2.5 g of 
the bovine serum albumin, 0.25 g bovine serum 
gammaglobulin, and 0.05 mL TWeen 40. The reaction Was 
alloWed to proceed for 2 hours at 50° C. After the electrode 
Was Washed 6 times, EL Was measured as in Example 2. 
FIG. 7 shoWs the results achieved With electrodes uncoated 
(a) and coated With polystyrene 

EXAMPLE 5 

Modifying the surface of aluminium electrodes by silani 
sation and the immunometric assay of TSH on the surface of 
these modi?ed electrodes. 

Silanisation of the aluminium electrode. The oxide 
covered aluminium electrode Was ?rst Washed With toluene 
in ultrasonic bath and then dried at 100° C. for 1 hour 
Silanisation Was carried out by sonicating the electrode 
tWice for 30 seconds in a 5-% toluene solution of diclorom 
ethylsilane. After the silanisation the electrode Was rinsed 
once With toluene and tWice With methanol. 

Coating electrode With antibody. The electrode Was 
coated as in Example 2. 

Preparation of labelled antibody Anti-TSH antibody Was 
labelled With the isothiocyanate derivative of Tb(III)-2 
chelate as shoWn in Examples 1 and 2. 

Preparation of standards. TSH standards Were prepared as 
in Example 2. 
Immunochemical determination. The immuochemical 

determination and measuring of the EL Were cared out as in 
Example 2. The standard curves achieved in the tests are 
shoWn in FIG. 8. 

EXAMPLE 6 

Immunochemical determination of C-reactive protein by 
magnesium electrodes modi?ed by coating the magnesium 
oxide surface of the electrode With polystyrene. 

Coating electrode With polystyrene. A suitably siZed Mg 
electrode (Merck Art. 5812) Was Washed in hexane using 
ultrasonic bath. Hexane Was alloWed to evaporate and the 
electrode Was coated With polystyrene as in Example 1. 

Coating electrode With antibody. The electrode Was 
antibody-coated With mouse anti-human CRP antibody 
(clone 7H4, Labmaster Ltd., Turku) by incubating it for 1 
hour in TSA buffer (pH 8.7) containing 10 pg/mL of 
antibody. The electrode Was Washed, stabilised and stored as 
in Example 1. 

Preparation of labelled antibody. The antibody (House 
anti-human C-reactive protein, CRP, clone 5F3, Labmaster 
Ltd., Turku) Was labelled as in Example 1. 

Preparation of standards. Standards (0, 5, 50, 500, 2000 
and 5000 ng/mL) Were made by dissolving stock solution of 
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CRP (Labmaster Ltd., Turku) in TSA buffer containing 7% 
bovine serum albumin and 1 mmol/L of CaCl2 (the standard 
buffer). 

Immunochemical detection. 10 pL of standard and 200 pL 
of standard buffer Were added into a disposable cuvette 
(Brad, Cat Number 7590 15, Wertheim, Germany) the 
volume of Which Was reduced to 250 ML With a piece of 
Te?on. The coated electrode Was inserted into the solution 
and incubated for 1 h. After Washing (6 times) the labelled 
antibody in the standard buffer (200 pL, 500 ng) Was added 
into the cuvette and incubated again for 1 h. After the 
incubation the electrode Was Washed and the EL Was mea 
sured in the same Way as in Example 1, except that the EL 
mu g itself that Was done using a side-on type photomulti 
plier tube and a disposable spectophotometer cuvette made 
from polystyrene. The cuvette had Te?on holder for the plate 
Working electrode and for Pt-Wire counter electrode. The 
standard curve obtained is shoWn in FIG. 9. 

EXAMPLE 7 

Immunochemical determination of [32-microglobutin on 
the surface of pulse-anodised silicon electrodes. 

Silicon electrodes Were made from n-Si discs doped With 
antimony, The orientation of Si discs Was (III) and resistivity 
0.008—0.015 Qcm (Okmetic Ltd., Finland). The electrodes 
Were cut into the siZe of 80x55 mm before surface treat 
ments. 

Anodisation of silicon electrode. Si electrode Was ano 
dised in a similar electrolyte solution as aluminium in 
Example 1, but using pulse anodising With a pulse train 
instead of DC anodising. The pulse train consisted anodic 
and cathodic pulses (200-us each, +5 V or —5 V, frequency 
100 HZ) With 10-ms intermittent Zero level betWeen the 
pulses, After anodisng, the electrode Was rinsed With quartZ 
distilled Water. 

Coating electrode With antibody. Typically oxide-covered 
silicon electrode (0.80><0.005><5 .0 cm) Was coated With 
mouse anti-[32-microglobulin antibody (clone 6G12, Lab 
master Ltd., Turku) by incubating overnight in 0.2 M 
NaH2PO4 solution, Which contained 10 pg/mL of antibody. 
The next day the electrode %,as Washed six ties With 
Washing solution (0.01 M TRIS-HCl buffer, pH 7.75, 0.9% 
NaCl and 0.02% TWeen 20) and saturated overnight in a 
saturation solution, Which Was 0.05 M TRIS-HCl buffer, pH 
7.75, containing 1 g of bovine serum albumin, 60 g of 
sorbitol and 1 mmol CaCl2 per liter. The saturated electrode 
can be stored dry at least for 3 months after Washing (6 
times). 

Preparation of labelled antibody. Second monoclonal anti 
[32-microgiobulin antibody (clone 1F10, Labmaster Ltd., 
Turku) Was labelled With isothiosyanato derivative of the 
Tb(II)-4[Tb3+-N-(4-isothiocyanatobenZoyl) 
diethylentriamine-Nl, N1, N3, N3-tetra-acetate](Wallac Ltd., 
Turku) by alloWing the antibody to react With the chelate in 
molar ratio of 1:60 at pH 9.5. pH Was adjusted With 1 M 
Na2CO3 solution Labelled antibody Was puri?ed from unre 
acted chelate by gel?ltration (Sepharose 6B 1><50 cm, 
Sephadex G-50 1><5 cm) using TSA buffer (0.05 mol/L 
TRIS-HCl, pH 7.75, 0.9% NaCl, 0.05% NaN3) as mobile 
phase. Typically in this Way, 5—10 chelate molecule can be 
bound to one antibody molecule. To improve the stability, 
0.1% of bovine serum albumin Was added into the solution 
of labelled antibody. 

[32-Microglobulin standards. Standards (0.4, 1.6, 4.0, 8.0 
and 16 mg/L) Were prepared from [32-microglobulin puri?ed 
from human ascites ?uid (75.5 mg/mL, Labmaster Ltd., 
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Turku, Finland) into the TSA buffer. TSA buffer contained 
7.5% bovine serum albumin. 

Immunochemical determination. Immunochemical reac 
tion Was performed in disposable polystyrene cuvettes (1 
mL, Brand, Cat. Number 7590 15, Wertheim Germany), the 
volume of Which Were reduced to 250 pl by a Te?on ?ller. 
Standards Were diluted 1:50 With the assay buffer (0.05 
mol/L TRIS-HCl, pH 7.75 containing 0.9% of NaCl, 0.05% 
of NaN3, 0.5% of bovine serum albumin and 0.01% TWeen 
20) and Were added to the bottom of cuvette (40 ML). Then 
160 pL of labelled antibody (500 ng containing 100 ng of 
labelled and 400 ng of unlabelled antibody, clone 1F10) in 
the assay buffer Was added. Finally, the electrode coated 
With antibody Was placed into the cuvette. Immunochemical 
reaction Was alloWed to take place for 1 h and the electrode 
Was Washed six times With Washing solution. 

Measuring of EL. EL Was measured using electrolumi 
nometer and a cuvette especially prepared for this purpose. 
A Pt-Wire served as counter electrode in the cuvette. Borate 
buffer, 0.2 mol/L, pH 7.75, containing 2 mmol/L K2S2O8 
Was used as a measuring buffer. 

The standard curve obtained is shoWn in FIG. 10. 

EXAMPLE 8 

Immunometric detection of TSH using anodised silicon 
electrodes and anodised silicon electrodes Which Were addi 
tionally coated With polystyrene. 

Coating electrodes With polystyrene. Silicon electrodes 
Were prepared and anodised as in Example 7. The anodised 
electrodes Were coated With polystyrene by sonicating the 
electrode for 30 seconds in a solution containing 1.5 mg/mL 
of polystyrene in benZene. After this, the electrode Was lifted 
up sloWly from the solution and alloWed to dry at room 
temperature. 

Electrodes Were coated With antibody as in Examples 2 
and 7 (clone 8661 Phamacia, Uppsala, SWeden). The immu 
noassay Was done in similar cuvettes as in Example 7, but 
using the labelled antibody prepared in Example 2 (80 ng of 
Tb(III)-2 labelled antibody/electrode) and the standard solu 
tion from Example 2. FIG. 11 shoWs the standard curves 
obtained With potentiostatic excitation (—10 V, 200 ps exci 
tation pulses, 500 excitation cycles). Electrodes that Were 
not anodised (a), anodised electrodes (by and the electrodes 
that Were both anodised and coated With polystyrene 

EXAMPLE 9 

DNA hybridisation method exploiting Si-electrodes 
modi?ed by anodisation and coating With polystyrene. 

Silicon electrodes Were prepared from n-Si discs doped 
With antimony. The orientation of Si discs Was (111) and 
resistivity 0.008—0.015 Qcm (Okmetic Ltd., Finland). The 
electrodes Were cut into the siZe of 80x55 mm before 
surface treatments. Anodisation of electrodes. Electrodes 
Were anodised in a neutral 0.5 M ammoniumborate buffer 
?rst galvanostatically (1 mA/cm2) up to 5.2 V and then 
potentiostatically for 10 minutes. 

Coating With polystyrene. The anodised parts of the 
electrode Were coated With polystyrene at ?rst by sonicating 
the electrode for 10 seconds in a solution containing 10 
mg/mL of polystyrene in benZene. After is the electrode Was 
lifted up sloWly from the solution and alloWed to dry at room 
temperature. 

Hybridisation and the EL measuring Were carried out as 
in Example 4 except that the electroluminometer and the 
cuvettes Were as in Example 7. The results are shoWn in FIG. 
12. 
















